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ABSTRACT
Debris discs are commonly detected orbiting main-sequence
stars, yet little is known regarding their fate as the star evolves
to become a giant. Recent observations of radial velocity detected
planets orbiting giant stars highlight this population and its im-
portance for probing, for example, the population of planetary
systems orbiting intermediate mass stars. Our Herschel ∗ survey
observed a subset of the Johnson et al program subgiants, find-
ing that 4/36 exhibit excess emission thought to indicate debris,
of which 3/19 are planet-hosting stars and 1/17 are stars with no
current planet detections. Given the small numbers involved, there
is no evidence that the disc detection rate around stars with plan-
ets is different to that around stars without planets. Our detections
provide a clear indication that large quantities of dusty material
can survive the stars’ main-sequence lifetime and be detected on
the subgiant branch, with important implications for the evolution
of planetary systems and observations of polluted or dusty white
dwarfs. Our detection rates also provide an important constraint
that can be included in models of debris disc evolution.
1 INTRODUCTION
Belts of rocks and dust, known as debris discs are
commonly detected around main-sequence stars.
Recent surveys found infra-red (IR) excess emis-
sion, a good indicator for the presence of a debris
disc, around 15% of FGK stars and 32% of A
stars (Beichman et al. 2006; Bryden et al. 2006;
∗ Herschel is an ESA space observatory with sci-
ence instruments provided by European-led Principal
Investigator consortia and with important participa-
tion by NASA
Moro-Mart´ın et al. 2007; Hillenbrand et al. 2008;
Trilling et al. 2008; Greaves et al. 2009; Su et al.
2006). The observed emission must result from
small dust grains (e.g. Wyatt 2008), yet, theoret-
ical estimates find that the lifetime of such small
grains against both collisions and radiative forces
is short. The collisional evolution of a population
of larger parent bodies are, therefore, generally in-
voked to explain the observed debris discs (Wyatt
2008). Such collisional evolution naturally ex-
plains the decay with age in the fractional lumi-
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nosity of observed debris discs (e.g. Currie et al.
2008; Su et al. 2006; Rieke et al. 2005).
As the number of resolved images of debris
discs grow (e.g. Holland et al. 1998; Kalas et al.
2005; Smith et al. 2009; Churcher et al. 2011a),
so does the diversity of structures observed. In
many cases, interactions with planets are invoked
to explain the observations (e.g. Churcher et al.
2011b; Augereau & Beust 2006; Augereau et al.
2001; Chiang et al. 2009). It may be that the
presence of debris discs correlates with the
presence of planets, but there is as yet no
strong evidence either way (Bryden et al. 2009;
Moro-Mart´ın et al. 2007; Ko´spa´l et al. 2009;
Wyatt et al. 2012). Theoretically a correlation
may be anticipated because the properties of
the protoplanetary disc affect the outcome both
for the debris disc and the planets (Wyatt et al.
2007a), or because dynamical effects such as
instabilities in the planetary system can also
have a significant effect on the debris disc
(Raymond et al. 2007). This motivates observa-
tions of planets and debris discs orbiting the same
stars.
The majority of confirmed planets are cur-
rently detected using the radial velocity (RV)
technique1. Radial velocity detections of plan-
ets orbiting main-sequence A stars are hin-
dered due to high jitter levels and rotation-
ally broadened absorption lines (Galland et al.
2005; Lagrange et al. 2009). Thus, previous ef-
forts to compare the populations of planets and
debris discs have focused on sun-like stars and
RV planets (Bryden et al. 2009; Ko´spa´l et al.
2009; Moro-Mart´ın et al. 2007). There are now a
growing number of detections of planets around
‘retired’ A stars, now on the subgiant or gi-
ant branch (e.g. Johnson et al. 2006, 2007;
Bowler et al. 2010; Sato et al. 2010), although
some controversy does exist regarding the exact
evolutionary paths of these stars (Lloyd 2011,
2013; Schlaufman & Winn 2013). These obser-
vations provide some key insights into the po-
tential differences between the planetary pop-
ulation around sun-like and intermediate mass
stars, that otherwise can only be probed by di-
rect imaging of planets around main-sequence
A stars (e.g. Marois et al. 2008; Kalas et al.
2008; Rameau et al. 2013). Very little, however,
is known regarding the population of debris discs
around subgiants. By studying debris discs orbit-
1 exoplanet.eu
ing these ‘retired’ A stars, we access a new popu-
lation of planetary systems, from which more can
be learnt regarding the structure and links be-
tween planets and debris discs, with a focus on
intermediate mass stars.
In addition to providing a new and inter-
esting sub-set of planetary systems to study,
debris discs orbiting subgiants also provide ev-
idence regarding the first step in the evolu-
tion of debris discs beyond the main-sequence.
The interest in the fate of debris discs has
grown with the growing evidence for plane-
tary systems orbiting white dwarfs. Observa-
tions of both polluted (e.g. Zuckerman et al.
2010; Ga¨nsicke et al. 2012; Koester et al. 2011)
and dusty (e.g. Farihi et al. 2009; Barber et al.
2012) or gaseous (e.g. Ga¨nsicke et al. 2006, 2007;
Melis et al. 2010) material very close to white
dwarfs are thought to be linked with the presence
of planets and planetesimal belts (e.g. Jura 2008;
Debes & Sigurdsson 2002; Bonsor et al. 2011;
Debes et al. 2012). For this to be true, both plan-
ets and debris discs must survive the star’s evolu-
tion from the main-sequence to the white dwarf
phase. The subgiant branch is the first step on
this evolutionary path.
In this work we present Herschel observa-
tions of a sample of 36 subgiants in which we
search for excess emission, indicative of a debris
disc. Radial velocity planets have been detected
for half of the sample as part of the RV survey
to search for planets orbiting ‘retired’ A stars us-
ing Lick and Keck observatories (Johnson et al.
2006), whilst the other half of the sample was ob-
served as part of the same program, but no plan-
ets were detected. We start in §2 by discussing
our Herschel observing strategy. This is followed
in §3 by the results of our observations and a dis-
cussion of their meaning in §4 and §5.
2 OBSERVATIONS
Observations were performed using the Herschel
Photodetector and Array Camera & Spectrom-
eter (PACS, Poglitsch et al. (2010)) at 100 and
160µm, as listed in Table 1. These observations
were performed in mini scan-map mode with two
observations being performed with a 40 deg cross-
linking angle. Four repeats were used for each ob-
servation and with eight scan legs per repeat. The
total observing time was approximately 1790s per
target.
Data were reduced with the Herschel In-
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Figure 1.Our sample plotted on a HR diagram (large
black circles), alongside stars from the UNS sample
(small grey dots), an unbiased sample of nearby main-
sequence stars (Phillips et al. 2010) and stellar evolu-
tion tracks taken from Girardi et al. (2002) for 0.6, 1,
1.5, and 2.0 M⊙. Tracks start at the zero-age main-
sequence and move to the upper right over time. Our
sample of subgiants have similar luminosities to main-
sequence A stars, but are cooler.
teractive Processing Environment version 7.0
Build 1931 (HIPE, Ott (2010)) using version
32 of the PACS calibration. Some data from
the telescope turn-around phase (when scanning
above 5′′/s) were used to minimize the ulti-
mate noise level. Maps were then made using the
HIPE photProject task to provide ‘drizzle’ maps
(Fruchter & Hook 2002) with pixel scales of 1 and
2 arcsec in the 100 and 160µm bands respectively.
The data were high-pass filtered to mitigate low
frequency 1/f noise, using filtering scales of 66
and 102 arcsec (equivalent to a filter radius of
16 and 25 PACS frames) in the 100 and 160µm
bands respectively.
The PACS point-spread function (PSF or
beam) includes significant power on large scales
(10% beyond 1 arcmin). Consequently, the filter-
ing performed during the data reduction will re-
duce the flux density of a source by 10 − 20%,
due to the filter removing the wings of the
PSF. For point sources this can be readily ac-
counted for using correction factors, determined
from comparison of bright stars with known fluxes
with the PACS aperture flux. Correction fac-
tors of 1.19 ± 0.05 and 1.21 ± 0.05 at 100 and
160µm were determined from analysis of the DE-
BRIS (Disc Emission via a Bias-free Reconnais-
sance in the Infrared/Submillimetre) survey (e.g.
Matthews et al. 2010) targets (Kennedy et al.
2012a). This can also be applied to resolved
sources when the source remains similar in
scale to the beam Full Width Half Maximum
(FWHM).
2.1 Sample
We consider here a sample of 36 stars, 19 of
which have planet detections from Johnson et al.
(2010b, 2007, 2008, 2010c, 2011a,b); Bryan
(in prep) and 17 of which are control stars, that
have been searched for planets as part of a survey
using Lick and Keck observatories to search for
planets orbiting ‘retired’ A stars (Johnson et al.
2006), but where nothing was detected2. All stars
were observed in the radial velocity programs
such that the spectrum receives the same sig-
nal to noise ratio (S/N), regardless of stellar
properties or sky conditions. Thus, the survey is
complete to planets with velocity semiamplitudes
K > 20ms−1 and periods equal to the survey
baseline of 6 years (Johnson et al. 2010a). The
non-detection limits equate approximately to an
absence of planets on orbits shorter than 200days,
with a mass limit of around a Neptune mass at
this semi-major axis, although the exact limits
vary from target to target. The control sample
were approximately matched to the planet sam-
ple in terms of distribution of stellar luminos-
ity and distance. We only include stars within
160pc of the Sun, of mass greater than 1.5M⊙
and L > 15L⊙. This minimises the probability of
their lying outside the local bubble where interac-
tions with the ISM can mimic debris disc emission
(Kalas et al. 2002; Ga´spa´r et al. 2008), as well as
maximises the probability of disc detection. The
position of the sample on a HR diagram is shown
in Fig. 1.
3 RESULTS
3.1 Photometry
In order to analyse the sample for emission from
debris discs, it is first necessary to account for
the stellar contribution to the emission. Opti-
cal and near-infrared photometry is collected
from numerous catalogues (Morel & Magnenat
1978; Moshir et al. 1993; Hauck & Mermilliod
2 The two samples were originally the same size, but
planets have recently been found orbiting one of the
proposed control sample.
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1997; Perryman & ESA 1997; Høg et al. 2000;
Cutri et al. 2003; Mermilliod 1987; Ishihara et al.
2010). These data were used to find the best fit-
ting stellar model, using the PHOENIX Gaia grid
(Brott & Hauschildt 2005), via a χ2 minimisa-
tion, as in Kennedy et al. (2012a,b); Wyatt et al.
(2012). This method uses synthetic photometry
over known bandpasses and has been validated
against high S/N MIPS 24µm data for DEBRIS
targets, showing that the photospheric fluxes are
accurate to a few percent for main-sequence,
AFG-type, stars.
Most stars in this sample are faint and
have predicted photospheric fluxes lower than the
PACS detection limit, thus, any detected emission
is likely to result from a debris disc, particularly
at 160µm. However, emission from background
objects may contribute significantly to emission
in the far-IR and sub-mm and without the stellar
emission to guide the pointing, we are reliant on
Herschel’s pointing to indicate the location of the
star, which on average is accurate to within 1.32′′
in our observations 3. There is clear evidence that
some previous Herschel observations of debris
discs have been contaminated by emission from
background objects (e.g. Donaldson et al. 2012),
particularly at 160µm, although this is only found
to be important for 1 or 2 of our sample (see §3.3).
Flux densities for each source are measured
by fitting a model PSF (observations of alpha
Boo reduced in the same way as the data) at
the supposed source location in each image. For
non-detections an attempt to make a similar fit
is made, but the measured flux is lower than the
measured noise. For the sources where the emis-
sion was resolved, we do aperture photometry and
use a sufficiently large aperture that all disc emis-
sion is captured. We assume that the emission is
centred on the Herschel pointing, unless suffi-
cient emission is detected to suggest that the cen-
tre is offset from the pointing, in which case the
centering is adjusted appropriately. Uncertainties
were calculated using the results from the least
squares PSF fitting, and were checked for consis-
tency against the standard deviation of a large
number of apertures of sizes 5′′ and 8′′ (the sizes
for optimal S/N at 100µm and 160µm) and placed
randomly near the map centres. These integrated
3 A weighted average of the absolute point-
ing error for obsID 1342216480-1342221945 =
2.36”, 1342223464-1342225498 = 1.45”, 1342229965-
1342237471 = 1.1”, 1342241949-1342243725 = 0.8”
fluxes and uncertainties were compared to pre-
dictions for the stellar photosphere, as shown in
Fig. 2.
Fig. 2 shows that for the majority of sources,
the predicted photospheric flux is too low to have
been detected in the Herschel observations. A
significant detection of the source (excess and/or
photosphere) was detected for a total of 15 (5)
sources at 100µm (160µm), shown by the blue
crosses. Significant emission, 3σ above the stellar
photosphere, shown by the red crosses, was de-
tected for 6 sources at 100µm, namely, κ CrB
(HD 142091), HR 8461 (HD 210702), HD 34909,
HD 83752, HD 208585 and HD 13496, but only
4 at 160µm, κ CrB (HD 142091), HR 8461 (HD
210702), HD 34909 and HD 83752.
For each of our detections, the offset of the
peak from the nominal stellar position was also
determined. These are shown in Fig. 3, compared
to the pointing accuracy of Herschel. All detected
sources have small offsets from the nominal Her-
schel pointing (close to or less than the 1σ er-
ror), apart from HD 83752, suspected of being
contaminated with background emission, as de-
scribed below. HD 34909 has not been included
is in this plot as the emission is not consistent
with a point source (see later discussion).
For the sources where the emission was con-
sistent with originating in a debris disc, we used
the spectral energy distribution (SED) to obtain
an estimate of the disc temperature. In order to
determine this, we make the simplest possible as-
sumption; that the dust grains emit like black-
bodies. The inefficient emission properties of real
grains will reduce the flux at long wavelengths.
In order to better model this we have introduced
the free parameters λ0 and β and reduced the
black body flux by a factor of
(
λ
λ0
)−β
at wave-
lengths longer than λ0. λ0 and β are very poorly
constrained, but nonetheless illustrative of the re-
duced emission anticipated at long wavelengths,
that could be relevant for future observations, for
example with ALMA.
3.2 Notes on the 6 sources where an IR
excess was detected
3.2.1 Kappa Cr B
This is the strongest detection in our sample. The
debris disc is resolved at both 100µm and 160µm
and we refer the reader to Bonsor et al. (2013) for
detailed modelling of this source. Fig. 4 shows a
spectral energy distribution (SED) including ob-
c© 0000 RAS, MNRAS 000, 000–000
5Figure 2. The photospheric flux, predicted using stel-
lar models (as discussed in §3.1) compared to the ob-
served flux at 100µm (top) and 160µm (bottom). The
red points show 3σ detections of an excess, the blue
points, 3σ detections of the system, both with 3σ er-
ror bars, and the black arrows the 3σ upper limits on
the observed flux, when the detection is below 3σ.
servations of this source at all wavelengths and a
black-body fit to the disc emission. RV observa-
tions of κ CrB find evidence for two companions,
a close-in, m sin I = 2.1MJ , on a mildly eccentric
(e = 0.125± 0.049) orbit, with a semi-major axis
of 2.8 ± 0.1AU (Johnson et al. 2008) and a sec-
ond companion, deduced from a trend found in
the long-term RV monitoring of this source. AO
imaging failed to detect this second companion,
thus, if it is on a circular orbit, its semi-major
axis lies interior to 70AU (see Bonsor et al. (2013)
for full details). Modelling of the resolved images
combined with the SED information shows that
the dusty material is either found in a single wide
dust belt, stretching from 20 to 220AU, or two
narrow thin dust belts centered on 40 and 165AU.
Figure 3. The offset of the centre of the observed
emission at 100µm, compared to the nominal location
of the star. The grey circles show the weighted average
absolute pointing error of our Herschel observations,
1.3′′ at 1σ and 3.9′′ at 3σ. The black points show
the debris detections ( κ CrB, HR 8461, HD 208585
and HD 13496), whilst the red points, show the stars
for whom the emission at 100µm was greater than 3σ
above the error on the observations. The blue square
shows HD 83752, whose excess emission is suspected
of being contaminated with background emission. The
emission surrounding HD 34909 is not point-like and,
therefore, omitted from this plot
3.2.2 HR 8461
Radial velocity monitoring found a planet with
M sin I = 2.0MJ in a 341.1 day orbit around
HR 8461 (Johnson et al. 2007). As can be seen in
Fig. 2, the emission is clearly significantly above
the predicted stellar photosphere at both 100µm
(16σ) and 160µm (15σ). The Herschel data
points are plotted alongside the stellar spectrum
in Fig. 5. A black-body fit to the data yields a
black-body temperature of 86±11K, which would
correspond to a disc radius of 37.9± 9.7AU if the
dust acts like a black body. Fig. 6 shows the Her-
schel images of this source at both 100µm and
160µm. The disc is marginally resolved at 100µm,
as shown by star-subtracted image in the bottom
panel of Fig. 6. Fitting a simple ring to the image
finds a disc radius of roughly 130AU, somewhat
larger than the black-body radius, but not incon-
sistent with models that suggest that grains with
realistic emission properties can be significantly
hotter than black-bodies (Bonsor & Wyatt 2010;
Kains et al. 2011; Booth et al. 2013). The posi-
tion angle and inclination of the disc in this fit
are poorly constrained.
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Object ObsID Date L∗ M∗ Teff Dist Age Phot 100µm Phot 160µm Obs100µm Obs 160µm χ100 χ160 Planet
L⊙ M⊙ K pc Gyr ± mJy ± mJy ± mJy ± mJy ±
HD 1100 1342223913/4 2011-07-11 17.9 1.53 4711 140.4 2.7 0.9 3.50 0.07 1.39 0.03 4.88 1.33 1.75 2.61 1.0 0.1
HD 1502 1342225479/10 2011-07-24 12.4 1.61 4915 159.2 2.4 0.5 1.64 0.03 0.65 0.01 1.01 1.38 1.41 2.89 0.5 0.3 Y7
HD 4313 1342225497/8 2011-07-24 14.5 1.72 4939 137.0 2.1 0.4 2.46 0.04 0.98 0.02 0.28 1.40 0.00 2.82 1.5 0.3 Y6
HD 4917 1342225339/10 2011-07-23 11.9 1.72 4745 134.4 2.4 0.5 2.45 0.08 0.97 0.03 0.00 1.39 2.18 2.60 1.8 0.5 Y9
HD 7931 1342225330/1 2011-07-23 10.9 1.50 4780 124.1 3.2 0.8 2.67 0.04 1.06 0.02 2.04 1.33 0.00 2.61 0.5 0.4
HD 12137 1342237470/1 2012-01-13 15.9 1.81 4896 137.2 1.8 0.4 3.00 0.04 1.19 0.02 4.59 1.34 0.00 2.66 1.2 0.4
HD 18742 1342237830/1 2012-01-05 14.4 1.60 4933 135.3 2.3 0.5 2.54 0.05 1.01 0.02 0.00 1.43 3.02 2.89 1.8 0.7 Y7
HD 19659 1342237414/5 2012-01-12 11.6 1.59 5628 95.5 2.6 0.3 2.75 0.04 1.09 0.02 4.11 1.31 0.00 2.73 1.0 0.4
HD 27536 V*EK Eri 1342241949/10 2012-03-20 12.7 1.67 5106 61.3 2.2 0.1 9.76 0.20 3.87 0.08 11.53 1.36 5.93 2.42 1.3 0.8
HD 33240 1342242506/7 2012-03-28 14.4 1.70 4684 155.5 2.6 0.8 2.35 0.04 0.94 0.02 3.43 1.31 0.00 2.75 0.8 0.3
HD 33844 1342242512/3 2012-03-28 13.4 1.75 4827 100.9 2.1 0.3 4.50 0.06 1.79 0.02 2.21 1.36 0.00 2.77 1.7 0.7 Y9
HD 34909 1342242530/1 2012-03-28 11.7 1.61 4942 132.8 2.5 0.4 2.124 0.04 0.84 0.02 < 8.41 1.96 < 46.43 9.27 3.0 4.9
HD 39828 1342242664/5 2012-03-29 14.6 1.64 4839 127.4 2.4 0.5 3.06 0.05 1.22 0.02 1.19 1.20 0.00 2.83 1.5 0.4
HD 72429 V*FK Cnc 1342230053/4 2011-10-03 11.1 1.59 5753 140.1 2.7 0.3 1.15 0.02 0.45 0.01 3.39 1.44 9.02 3.21 1.6 2.7
HD 83752 1342232210/1 2011-11-10 10.6 1.56 5990 115.7 2.7 0.2 1.42 0.03 0.56 0.01 12.68 1.57 22.07 3.73 7.5 5.8
HD 88737 HR 4012 1342221944/5 2011-06-01 10.4 1.60 6094 56.8 2.6 0.2 5.50 0.08 2.18 0.03 3.47 1.40 0.00 2.86 1.4 0.8
HD 90043 *24 Sex 1342223308/9 2011-06-29 16.3 1.54 4971 77.5 2.7 0.4 8.49 0.16 3.37 0.06 8.66 1.43 3.42 2.76 0.1 < 0.1 Y5
HD 95089 1342223464/5 2011-06-22 14.0 1.60 4861 139.1 2.5 0.6 2.44 0.05 0.97 0.02 4.04 1.31 4.97 2.63 1.2 1.5 Y6
HD 102956 1342221826/7 2011-05-29 11.8 1.68 4971 126.3 2.3 0.5 2.32 0.03 0.92 0.01 2.13 1.38 3.61 2.84 0.1 0.9 Y2
HD 108863 1342223898/9 2011-07-10 17.0 1.85 4837 139.3 1.8 0.4 2.98 0.05 1.18 0.02 4.35 1.40 3.05 3.09 1.0 0.6 Y7
HD 116029 1342233220/1 2011-11-27 11.7 1.58 4846 123.2 2.7 0.5 2.61 0.05 1.04 0.02 2.56 1.35 0.00 2.57 0.0 0.4 Y7
HD 118082 1342237222/3 2012-01-12 14.0 1.57 4814 144.1 2.7 0.6 2.36 0.06 0.94 0.02 1.69 1.33 5.49 3.06 0.5 1.5
HD 125607 1342224634/5 2011-07-21 10.6 1.52 4964 133.0 2.8 0.6 1.88 0.03 0.75 0.01 2.05 1.38 0.00 2.63 0.1 0.3
HD 131496 1342235118/9 2011-12-24 10.1 1.61 4803 110.0 2.7 0.5 2.90 0.04 1.15 0.02 7.56 1.43 5.70 3.00 3.4 1.5 Y7
HD 142091 κ CrB 1342234353/4 2011-12-15 12.0 1.72 4866 30.5 2.2 0.1 43.52 0.72 17.36 0.29 334.85 17.38 192.33 11.02 17.2 16.4 Y1
HD 142245 1342225421/2 2011-07-24 13.8 1.69 4816 109.5 2.3 0.3 4.04 0.06 1.60 0.02 2.62 1.39 2.66 3.08 1.0 0.3 Y7
HD 158038 1342229965/6 2011-10-01 11.9 1.65 4911 103.6 2.5 0.3 3.62 0.07 1.45 0.03 3.52 1.51 0.00 2.53 0.1 0.6 Y7
HD 166494 1342221813/4 2011-05-28 9.9 1.53 5594 114.7 3.0 0.3 1.66 0.06 0.66 0.02 0.00 1.29 0.67 3.47 1.3 < 0.1
HD 167042 LTT 15382 1342234341/2 2011-12-15 10.6 1.51 4978 50.2 2.9 0.4 13.07 0.23 5.19 0.09 12.12 1.44 2.71 2.76 0.6 0.9 Y4
HD 180053 1342234072/3 2011-12-14 10.5 1.70 5104 126.3 2.3 0.2 1.91 0.10 0.76 0.04 1.63 1.53 0.00 4.17 0.2 0.2 Y9
HD 181342 1342216480/1 2011-03-20 12.4 1.75 4876 110.6 2.1 0.3 3.39 0.05 1.35 0.02 3.46 1.43 0.00 3.20 < 0.1 0.4 Y6
HD 184010 HR 7421 1342243724/5 2012-04-05 16.4 1.60 5004 60.5 2.3 0.3 13.80 0.25 5.47 0.10 10.80 1.56 10.14 4.07 1.9 1.2
HD 188386 1342231682/3 2011-10-30 12.4 1.55 4821 143.5 2.7 0.7 2.16 0.04 0.86 0.02 3.40 1.37 0.00 3.30 0.9 0.3 C10
HD 208585 1342220939/10 2011-05-14 14.6 1.52 4870 145.3 2.7 0.8 2.37 0.05 0.94 0.02 14.50 1.70 11.19 3.60 7.5 2.9
HD 210702 HR 8461 1342235309/10 2011-12-25 13.2 1.65 4969 54.9 2.3 0.3 13.68 0.29 5.43 0.12 82.30 4.27 44.51 2.55 15.9 15.4 Y3
HD 220952 1342234094/5 2011-12-14 12.0 1.50 4905 125.2 2.9 0.5 2.50 0.05 0.99 0.02 1.59 1.39 2.69 2.94 0.6 0.6
1Johnson et al. (2008) 2Johnson et al. (2010a) 3Johnson et al. (2007) 4Johnson et al. (2008) 5Johnson et al. (2011b)
6Johnson et al. (2010b) 7Johnson et al. (2011a) 9Bryan et al. (in prep) 10 Johnson, private communication
Details of our sample taken from the SPOCSIV catalogue, predicted photospheric fluxes calculated using the best fitting stellar model (Brott & Hauschildt 2005) and the Herschel
observed fluxes. The stellar properties were determined from fitting isochrones to the spectroscopic properties of the stars, using the stellar models of Girardi et al. (2002) The ages
were determined from interpolating the spectroscopic properties onto the Yonsei-Yale model evolution grids, as described in Valenti & Fischer (2005). C refers to planet candidates
that are still awaiting confirmation.
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Figure 4. SED for κ CrB (Bonsor et al. 2013). Pho-
tometry is shown as black dots or black triangles
for upper limits. Disc (i.e. photosphere- subtracted)
fluxes and upper limits are shown as grey dots and
open triangles. The stellar spectrum is shown as a blue
line and the red line shows a black-body fit to the disc
emission, modified at long wavelengths to illustrate
the decrease in emission of more realistic grains. The
disc has a black-body temperature of 72± 3K, which
corresponds to a black-body radius of 53± 5AU. This
is subtly different from Bonsor et al. (2013), where λ0
and β were free parameters.
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Figure 5. SED of HR 8461, plotted in the same
manner as Fig. 4, including a WISE measurement
at 24µm. The disc has a black-body temperature of
86 ± 11K, which corresponds to a black-body radius
of 38± 10AU.
3.2.3 HD 208585
A 100µm excess is clearly detected (7.1 σ) for HD
208585, and a marginal excess at 160µm, with a
significance of 2.8σ. The emission is not resolved
at either wavelength. In Fig. 7 we plot the Her-
schel data points, alongside the full stellar spec-
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Figure 6. The Herschel images of HR 8461 at 100µm
(top) and 160µm (middle), with contours showing de-
tection levels of 3, 6, 12σ, where σ = 2.09 × 10−5 at
100µm and σ = 5.7 × 10−5 at 160µm. The bottom
panel plots the residuals after subtracting a stellar
PSF scaled to the peak, with contours at 3,4,5 σ. This
shows that the disc is marginally resolved at 100µm.
A similar plot shows that it is not resolved at 160µm.
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Figure 7. SED of HD 208585, plotted in the same
manner as Fig. 4. The disc emission is not well con-
strained, but we fit a black-body temperature of
56+65
−30
K, which corresponds to a black-body radius of
94+440
−20
AU.
trum. The temperature is poorly constrained due
to the marginal detection at 160um; the black-
body fit yields 56K with a 3σ range of 25-120K.
The wide range of disc temperatures, and the fact
that the disc temperature and normalisation are
correlated, mean that the uncertainties are asym-
metric about 56K. They were estimated using a
grid in temperature vs. normalisation space that
calculates the deviation from the best fit χ2 at
each point.
This source has been searched for radial ve-
locity companions, with a total of 11 RV measure-
ments, over a time period spanning 5 years, but
currently there have been no detections of any
companions.
3.2.4 HD 131496
A 2.2MJ planet was detected orbiting HD 131496
by Johnson et al. (2011a). Excess emission was
found at this source at a level of 3.4σ at 100µm,
but not detected at 160µm (1.5σ excess). As for
HD 208585, the disc temperature is not well con-
strained, with a best fit of 42K and a 3σ range of
10-370K. Fig. 8 shows the SED for HD 131496.
3.2.5 HD 83752
The emission observed close to this object is likely
to be from a background source. The predicted
stellar photosphere is significantly below the Her-
schel detection limits at both wavelengths and
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)
Figure 8. SED of HD 131496, plotted in the same
manner as Fig. 4, but with only a single data point
the disc temperature is poorly constrained.
the emission detected in the field of view of this
object is offset from the nominal stellar position
by 8.5′′, larger than the 3.1′′, 3σ absolute pointing
error of the Herschel observations for this tar-
get, as can be seen in Fig. 3. In addition to this
the observed emission increases from 100µm to
160µm, by a factor of 2, a feature generally rem-
iniscent of the emission from cold, distant galax-
ies. The best fit black-body temperature would
need to be less than 30K, equivalent to black-
body grains situated further than 350AU from
this 10.7L⊙ star. Although there have been previ-
ous detections of cold debris discs with Herschel
(Krivov et al. 2013), in this case a diameter of
700AU corresponds to 6” at 116pc, and if this
really were a debris disc of black body size or
larger, it would appear extended in our Herschel
observations, assuming that the dusty material is
not found in a clump at this radial distance. We,
therefore, conclude that this emission likely orig-
inates in a background galaxy, not a debris disc
orbiting HD 83752.
3.2.6 HD 34909
The Herschel image (Fig. 9) of this source reveals
extended emission filling a significant proportion
of the field of view at both 100µm and 160µm.
HD 34909 is situated in a very dusty region of the
sky, at 23◦ from the galactic plane, close to a star-
forming region in Orion. The emission observed is
likely to result from dust in this molecular cloud
and it is very difficult to assess whether there is
additional emission from the subgiant, or a po-
tential debris disc orbiting HD 34909. We place
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Figure 9. The Herschel images of HD 34909 at 100 (left) and 160µm (right) showing clear contamination from
the dusty, star-forming region at a similar location on the sky. The cross shows the nominal location of the star
and the contours show 2,3,4,5σ detection levels, where σ = 2.9× 10−5 at 100µm and σ = 1.7× 10−4 at 160µm.
an upper limit on the flux from a disc that could
be hidden in this system (see Table 1.).
3.3 Background galaxy contamination in
our sample
Contamination of observations at the Herschel
wavelengths by background sources is common.
The level of such contamination in PACS data is
characterised by Sibthorpe et al. (2013). The con-
tamination in our observations can be assessed
in comparison with such results. If we consider
the weighted average 3σ absolute pointing error
of Herschel PACS in our observations of 3.94′′
and the average 3σ error on our observations of
±5.7mJy at 100µm, according to the results of
Sibthorpe et al. (2013), there is a 1.5% chance
of confusion by one or more background sources.
Given that we have observed 36 stars, this means
that the probability of no stars being contami-
nated is 58%, whilst the probability of one star
being contaminated by a background detection
is 31.8% and of two stars being contaminated is
4.8%. This is critically important in our assess-
ment of our detection statistics as it means that
the chances of one of our detections resulting from
a background object is not insigificant (31.8%),
although there is only a slim chance of more than
one of our detections being contaminated in this
manner (4.8%). We should, however, note that for
some of our detections there is good evidence to
suggest that we are observing debris discs rather
than galaxies, for example, the extended nature
of κ CrB and HR 8761.
We note that both HD 83752 and HD 34909
should be excluded from the above analysis. HD
34909 is a separate case as it is located in a re-
gion of the sky known to be contaminated by the
dusty emission from star formation. HD 83752
has an offset of 8.5′′ from the nominal Herschel
pointing, more than 3σ from the nominal Her-
schel pointing. There is a 96% chance of one of
our stars having a detectable background source
within 10′′ of the Herschel pointing for our stars.
Thus, our detection of emission close to HD 83752
is consistent with our statistical analysis.
3.4 Summary
Excess emission, consistent with a debris disc,
was found for 4/36 (2/36) of the subgiants in our
sample, namely κ CrB, HR 8461, HD 208585
and HD 131496 ( κ CrB and HR 8461) at 100µm
(160µm). Three of the detections are planet-
hosting stars ( κ CrB, HR 8461 and HD 131496),
whilst HD 208585 has no current planet detec-
tions. This leaves us with 3/19 planet hosts that
have debris and 1/17 control (non-planet host)
stars with debris.
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4 COMPARISON WITH
OBSERVATIONS OF DEBRIS DISCS
ORBITING MAIN-SEQUENCE
STARS
Our 4 debris disc detections for subgiants provide
a tiny sample compared to the wealth of obser-
vations already obtained for main-sequence stars.
It is, nonetheless, interesting to assess whether
our sample shows similar trends to those ob-
served in the population of debris discs orbiting
main-sequence stars. A prime example being the
decrease in brightness of the discs with age of
the star. Subgiants, being older than their main-
sequence counter parts (at least for similar mass
stars), provide crucial information regarding the
continuation of this trend to later times.
A simple toy model developed in
Wyatt et al. (2007b,c) provides a reasonable
description of the time evolution of the disc
luminosity, by considering each disc to have a
flat, then 1/age dependence, which is a reason-
able approximation to models that consider the
evolution of the size distribution in more detail
(e.g. Lo¨hne et al. 2008; Ga´spa´r et al. 2013). This
fits the observational data for both debris discs
orbiting main-sequence A stars (Wyatt et al.
2007c) and FGK stars (Kains et al. 2011). Here,
we compute a model population, based on the
work of Wyatt et al. (2007c), but applied to
the specific properties, e.g. age, luminosity and
distance, of our sample of subgiants. This model,
therefore, takes into account any differences
between our subgiants and main-sequence stars,
including evolution in luminosity or the effects
of radiation pressure that remove the smallest
grains in the disc. Initially, we focus on the fate
of debris discs observed around main-sequence
A stars, using the model parameters derived
in Wyatt et al. (2007c), as isochrone fitting
using the stellar models of Girardi et al. (2002)
suggests that our subgiants evolved from similar
mass stars (Johnson et al. 2010b, 2007, 2008,
2010c, 2011a,b) .
This model population is plotted in terms
of its fractional luminosity and temperature in
Fig. 10. The detections from our observations
are shown (circles) for comparison. The top axis
shows the equivalent black-body temperature for
a disc orbiting a 15L⊙ star for reference, al-
though, we point out here that the real radii of
detected discs may differ from their black-body
radii. This model population shows a clear upper
limit in fractional luminosity as a function of tem-
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Figure 10. The cumulative detection limits for discs
orbiting all of the stars in our sample, as a function
of the disc black-body temperature and fractional lu-
minosity (ratio of the total disc luminosity to the to-
tal stellar luminosity), with 1σ error bars. The equiv-
alent black-body radius for a disc orbiting a 15L⊙
star is plotted on the top axis for reference. The discs
that were detected in our sample are plotted by the
large circles, empty circles for the planet-hosts and
filled circles for the non-planet hosts, whilst the small
circles show the model population, as described in
§4. It should be noted that there is an artificial up-
per (lower) limit in radius (black-body temperature),
which is imposed by the model population based on
the work of Wyatt et al. (2007c).
perature (or radius), with no discs inhabiting the
top right corner of this plot. As collisions grind
down the material in the debris discs, with faster
evolution for closer in discs, there is a maximum
mass that can survive in steady-state as a func-
tion of time and disc radius. The similar ages of
our stars (see Table 1.) means that this maximum
mass, which translates into a maximum fractional
luminosity, is predominantly a function of the
disc radius, and can be clearly seen in the up-
per envelope of the model population on Fig. 10.
Two of our detections ( κ CrB and HR 8461) lie
above this maximum. This does not mean that
these discs need be unphysically massive, since
the model population is derived with the param-
eters of an average disc, whereas some discs would
be expected to have maximum disc masses that
can lie an order of magnitude above that of the
average disc, and it is such discs that would be
most easily detected. However, an alternative ex-
planation could be that some individual sources
do not fit within the context of this simple model.
Notably, the resolved images of κ CrB indicate
that the emission results from either a wide belt,
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or two distinct belts (Bonsor et al. 2013), whereas
the model assumed all discs to be described by a
single narrow ring.
Only a small fraction of the model popula-
tion could have been detected, due to the limited
sensitivity of our observations. We characterised
this, by calculating whether a simple, thin, black-
body disc at each temperature, with each frac-
tional luminosity, would have been detected or-
biting each star in our survey. The grey lines on
Fig. 10 show the fraction of this model popula-
tion that would have been detected in our Her-
schel observations. The white (black) shaded
area shows the parameter space where debris
discs would have be detected around all (no) stars
in our survey. In order to compare the model
population with our observations, we calculate
the detection rate that would be obtained if this
model population were observed with Herschel
and the observation limits of our survey. This is
done by assigning each star a disc from the model
population and comparing the emission from the
disc to the sensitivity of the Herschel observa-
tions obtained for that source, thus, determining
whether or not the disc would have been detected.
We note here that are survey detects debris discs
more readily around nearby stars. Repetition of
this process leads to a range of detection rates,
as shown in Fig. 11. The mean detection rate ob-
tained is 7/36 (3.4/36) at 100 (160)µm, which is
higher than the detection rates found in our ob-
servations of 4/36 (2/36). However, further anal-
ysis finds that the probability of detecting only
4/36(2/36) debris discs, given this distribution
is within 2σ (1σ) of the mean detection rate at
100µm (160µm). In other words our detection
rate is on the low side, but not inconsistent with
being derived from the model population.
Although not required to explain the obser-
vations, one potential issue with the compari-
son between the model population and our ob-
servations should be noted here. The model of
Fig. 10 for the debris discs orbiting our sub-
giants assumed that these are descended from
a main sequence population with disc param-
eters (e.g., planetesimal strength, size and or-
bital eccentricities) that were optimised to ex-
plain observations of the evolution of debris discs
around main sequence A stars (Su et al. 2006;
Rieke et al. 2005; Wyatt et al. 2007c), with spec-
tral types B8V to A9V. However, the disc pa-
rameters required to explain the population of
main sequence discs around Sun-like stars is dif-
Figure 11. A histogram to show the number of detec-
tions found after repeated observations of the model
population at 100µm (black solid line) and 160µm
(red dashed line). The mean detection rate was found
to be 7/36 at 100µm and 3.4/36 at 160µm. A Gaussian
was fitted to distribution, with width σ = 2 (100µm,
black dotted line) and σ = 1.6 (160µm, red dash-
dotted line).
ferent (Kains et al. 2011), as is the main sequence
lifetime. Thus, if our stars evolved from a differ-
ent distribution of spectral types on the main-
sequence, our predicted detection statistics could
vary significantly. This detail is particularly rel-
evant given the current discussion in the litera-
ture regarding the masses of planet-hosting sub-
giants, including those used in this survey (Lloyd
2011, 2013; Schlaufman & Winn 2013). Had the
rate we observed been significantly different to
that predicted from the model, this could have
been interpreted in terms of the properties of the
main sequence progenitors. As it is, there is no
evidence to exclude these subgiants’ discs being
evolved versions of the population seen around
main sequence A stars, particularly when it is
noted that additional factors, such as dynamical
instabilities, tend to reduce the fraction of stars
with detectable debris around older stars.
To summarise, our observations do not cur-
rently provide any evidence against a very simple
model for the collisional evolution of debris discs
from the main-sequence to the subgiant branch,
nor do they provide further evidence regarding
the main-sequence origin of our subgiant sam-
ple. As further detections of debris discs orbiting
subgiants are obtained this analysis can be ex-
tended and the new data used to repeat the anal-
ysis of Wyatt et al. (2007c) or Kains et al. (2011)
including a further time bin for stars on the sub-
giant branch, thus, further constraining our un-
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derstanding of the collisional evolution of debris
discs.
5 CONCLUSIONS
We have observed 36 subgiants with Herschel
PACS at 100µm and 160µm to search for the pres-
ence of excess emission from debris discs. All our
stars have been searched for the presence of ra-
dial velocity companions as part of the Johnson et
al. program at the Keck/Lick observatories, with
close-in, planetary companions detected for 20/36
stars. We detected excess emission, thought to
be from debris discs, around 4/36 (2/36) of our
sample at 100µm (160µm). Observations at Her-
schel wavelengths are frequently contaminated
by emission from background galaxies. Whilst we
acknowledge that there is a 30% chance of emis-
sion from a background galaxy around one of our
sources mimicing a debris disc (Sibthorpe et al.
2013), we note that there is a < 5% chance of
contamination for more than one of our stars.
Our detections form 3/19 of the planet-host sam-
ple and 1/17 of the control sample. Such a small
number of detections provide no evidence that the
detection rate for debris discs around stars with
planets is different to that around stars without
planets. These observations provide an important
constraint for debris disc models, informing us of
the fraction of stars with detectable discs at the
end of the main-sequence, which should be in-
cluded in future models of debris disc evolution.
These detections illustrate that large quantities
of dusty material can survive the star’s main-
sequence evolution, providing a potential link
with observations of pollution and dust around
white dwarfs.
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